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DIFFERENTIAL CHARGE-PUMP 



FIELD OF THE INVENTION 

The present invention relates to charge-pump circuits, and m parbcular .o fully 
differential eharge-pump circuits with current common-mode feedback. 

^rr.redloopcircui.sO.LDarensed.o generate an ou.pu. sig.C fira. has fite same 
phase as a reference signal. Typically, PLLs include a phase/freouency de.ec.or, a charge 

that control the oscillator. 

Fig HUus.ra.es a conventional single ended charge pump 10 ma. may be used ma 
PLL a,ongwi.ha P hase/ ft e,ueneyde.ecmr(PF D )12. Charge pump 10 includes*— 4 
Li 6 ,wLhmaybe,e,,n-channe,— ^««—«-» 
md ,9 The PFD 12 receives and compares freuuency of areference clock srgnal (Ftn) 
whh a feedback clock signal (Fclk). The PFD 12 provides an up voltage signal to transistor 14 

hetween hansistors 14 and 1 6 and provides a control voltage Vop to a voltage control 
oscillator (no. shown). A loop f.ter 20 is disposed between me charge pump .0 and 
20 voltage controlled oscillator. 

Timing dia^ams for me single-ended charge pump 10 are illustrated tn Ftgs. 2A and 
2B in operadon, PFD ,2 compares me frequency of areference Cock signal (Fin) wtththe 

eompared to me reference Cock frequency Fin, .he PFD 1 2 genera.es an up stgna., as 
25 LLed.nF.,2A,andalowdown S i 9 ,al. The up signal is recetved by bans,s.or , tmd .be 
Twlwn Jisreceivedby— 16. 
filter 20, which will increases the VCO control voltage Vop. 

,f ft. phase or frequency of.be feedback Cock Fclk leads the reference Cock Fm .he 
PFD .2 genera.es a down (dn) signal, as illustrated in Fig. 2B and a low up signal. The dn 
30 septal ^received by transistor 16 and the up signal is received by transistor 14. Tbus,,heloop 
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fite 20 wi>l discharge via — ,6, which wil. decrease fl. connol vobage Vop. When 

pulse width to avoid a dead zone, which improves tite linearity of .he charge-pump 
characteristic curve while avoiding changing the control voltage Vop. 

Fig 3 illustrates a conventional fully differential charge-pump errant 50 wuh 
common-mode dc feedback. Charge pump 50 includes four pairs of differential n channel 

reives differentia, signals (up, /up, and dn, /dn) from me phase/fluency de.ee or m <h PLL. 
Thus, for exampfe, — 55 and 56 receive .he up volfage signal and tire up bar (/up 

respectively, as do ,ransf,ors 61 and 62. Simifarfy, bansisfors 57 and Swerve .he 
down (dn) and me down bar (/dn) sisals, respectively, as do transistors 59 and 60. 

T-Lstors 55 and 57 are coupled in series, as are transis.ors 56 and 58, between curren, 
sources 52 and 54, arrd an output terminal is disposed between transistors 55 and 57 A foop 
Bter 18a is coupled .o Are output terminal between transistors 55 and 57, which prices a 
con.ro. voltage Vop. An op-tunp 59 is also disposed between curren. sources 52, 54 w* me 

57 and me output tennina! of.be op-amp 59 is coupled between trar.sis.ors 56 and 58 and 
coupled to .he inverting input terminal to form a negative feedback loop. 

Similarly, transistors 59 and 61 are coupled in series, as are transfers 60 and 62, 
between current sources 62 and 64 and an output terminal is disposed between transistors 59 
and 61 A second loop filter 18b is coupled.0 the output terminal between transistors 59 and 
6, which produces a control vo.fage Von A second op-amp 69 is disposed between sencs 
coupled transistors 59, 61 and 60, 62 simi.ar .0 tire configuration of op-amp 59 desenbed 
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A trans-conductance amplifier 70 is coupled .o the output terminals of me charge pump 
50 and provides .he dc common mode feedback. Tbc amplifier 70 provides negative feedback 
„ the common center voltage of .he differentia, output, Vop and Von, based on tire reference 
voltage Vr, which is normally Vdd/2. 

The op-amps 59 and 69 reduce the transients caused by .be charge transfer as .he ch.ge 
pumpcurren.isswi.ched. Bywayofe X amp.e,whennodesN. and N2 are not switched .o Vop 
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tev are biased by the op-amp 59 that operates as a negative feedback urJ.-gain amptifier. b 

N1 or N2 .ha. can eause mismatch between the up and down curren. sources 52, 54 

Unfortunately, .he negative feedback un,.y gain amptifiers 59 and 69 are dtfficuh , 

0 'T^erentiaichargepunrpinc^a— .ducingcircni.^ provides™^ 

swit c„ed. The differentia! charge pnnrp includes separate curren. sonrces ,n the « 
red ucing circni. .ha. are swirchably conpied .o tire non-active curren. source tn tire charge 

l5 ^ .noneenrbodimen.ofa.epreaen.invention.anappara.nsincindesaehargepump 

Af : ,diff Tir 

.wishes induding a firs, switch conn-oiled by a firs. voUage signa. and a second swttch 
switches, incur g ,^ ,„ ,h e first current source. The second votage 

controlled by a second voltage signal, ts coupled to the first current 
signal is inversed with respect to tire firs. voUage signal. The charge pump also includes 
M I diffetentia.pa.of— , induding a titird swilch contiol.ed by a rhird voUage stgna, 

source The fourth voltage signal is inversed with respect to the thud voltage signa The fir* 
current source, where an outputternrina, is disposed betiveen the first and third switches. Th 
andtiresecondcurrentsomce. The charge punrp fcrther includes a — -*-»» "T 
coupled in series betiveen the tinrd curren. source and tire fourth curren, source. The fiflh 
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vohage signal An input node between the fifth switeh and the sixth switeh is eonpied to a 
node between the second switeh and the fonrth switeh. 

b one embodiment of the apparatus, the apparatus former includes a .oop filter that ts 
coup.ed to the output termina, and a eommon mode feedback eirenit eoup.ed to the output 
5 tormina.. The charge pump may further include variable current sources that ale coupled to the 
common mode feedback circuit. 

U another embodiment of the present invention, a charge pump includes a first current 
source, a second current source, a third current source, and a fourth current source and a firs, 
switeh and a second switch coupled in series between the fir, current source and the second 
10 current source. An output terminal is disposed between the first switch and the seoond swfteh. 
The charge pump further includes a firs, switchab.e current path from the third current source 
to the second current source tha, is open when the first switch is active; a second swuchabte 
current path ftom the firs, current source .0 me fourth curren. source .ha. is open when fine 
second switch is active; and a third switehab.e curren. path ftom the third curren, source .0 the 
15 fourth curren. source when neither .he first switch nor fine second switch are active. 

to one embodiment tine charge pump, .he charge pump inc.udes variable curren, sources 
o„ up ,ed in parallel wifin fine curren, sources, where the variab.e curren, source are coupled .„ 
receive a common mode feedback comro, signal. The magnitirde of .he current prov,ded by tine 
variable current sources is less than the magnitude of tire curren, provided by tine current 

20 ^to ye. anotiner embodiment of tine present invention, a method of continuing a charge 
pum p comprises providing a curren. along a firs, curren, path ftom a firs, curren, source ,0 a 
second current source while providing a pun up curren, ,0 an output terminal. The method 
further includes providing a curren, along a second curren, path ftom a third current source ,„ a 
fonrth curren. source while providing a pull down curren, ,0 the ou<pu, terminal The mefirod 
fnrther includes providing a current along a third current path from the firs, current source .0 
,he fourth curren. source whfie neither a pun up curren, nor a pufi down current are provrded to 
Une outpu, termina.. In one embodiment, fire method includes providing tire pull up curten, 
ftom the third curren, source ,0 tire on* u. termina.; and providing tine pull down curren, from 
30 the second current source ,0 the output terminal. 
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h one embodiment of .he method, toe method of providing oun-en«s along a to. current 
path, second current pa* and « current path comprise providing a portion of the current 

5 to ,he output terminal. The magnitude of the variable curtettt is less than the magnitude of the 
portionofthec^entw.maconsh.ntmagnintdeforanyofthecmren.salong.hefirstcmrent 

path, the second current path and the third current path. 

BRIEF DESCRIPTION OF THE DRAWINGS 
,„ Fig. 1 fflusttatesaconvendonalsingleendedchargepumpalougwithaphase/fteuueney 

detector that may be used in a phase locked loop. 

Figs 2A and 2B illustrate timing diagrams for the single-ended eharge pump of Ftg. . 

Fig. 3 illustrates a conventional fully differential charge-pump circuit with a common- 
mode dc feedback. 

15 Fig. 4 illustrates a simplified fully differential 3* order Type II, phase locked loop 

C ' rcU "' Fig. 5 il.ustta.es a fully differential ch*ge pump, in accordance with an embodiment of 
the present invention. 

Fig 6 illustrates a transmission gated switch mat includes an nmos ttans.stor controlled 
20 by an Up signal and a parallel coupled pmos transistor controlled by a /Up s.gnal. 
Fig. 7 illustrates switchable current paths in the eharge pump of F.g. 5. 



DETAILED DESCRIPTION 

Fig 4iUnstta,esa S implifiedfu.lydifferential3' 1 orderTypeII,phaselockedloop 

25 (FIX) circuit 100. As shown in Fig. 4, PLL 100 includes a phase frequency detector (PFD) 
and charge pump 200. PFD .02 receives and compares the frequency of a reference clock 
signaf (Fin) with a feedback Cock signa. (Folk) and provides differential signals (Up, /Up, Dn, 
md /Dn, where the bar symbol, /, sixties an inverse signa.) to the charge pump 200. In 

30 osci,la.or .08. Bo<h output terminals of me charge pump 200 are coupled to loop filter, 104 
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and a common mode feedback circuit .06. The voltage conno.Ied osc.Ua.or ,08 produces an 

output signal Fvco in response .0 rhe signals received from charge pump 200, and a.so 
plcestfeedhac.cc.oc.signa.Fc,,, which, reeeivedbyPFD 1 02viaan„p. 1 ona,D m deby 

N circuit 1 10. In general, PLL circuits are well known in the art. 
5 Fig 5 illustrates a fully differential charge pump 200 in accordance wrth an 

embodiment of the present invention. The charge pump 200 includes a current common-mode 
feedbadctoreducenoiseandmismatchingeffect. In addition, charge pump 200 tnc.udes 
nansien, reducing circuits 250 and 270 mat eliminate .he need for negative feedback un.t-gatn 
amplifiers, e.g., op amps 59 and 69 in Fig. 3, which advantageous* reduces tire layout s.ze and 
10 permits lower voltage operation. 

Charge pump 200 includes a firs, se, 201 of differentia, switches 202 and 204, whrch 
m ay be uansmission-gated switches, and are shown as being con.rol.ed by the differentia, input 
voltages Up and /Up, respective.y. As is known in fire art, transmission-^ switches mclude 
bom n-channe. and p-channe. transistors with a differentia, comm. signal for each swtich, 

von which results it. .ower jitter performance of the PLL. By way of examp.e, swrtch 202 may 
include an nmos transistor coup.ed in parafiel ,0 a pmos transistor, which are controlled by an 
Up signal and /Up signal, respectively. The switch 204 may have an nmos transistor coupled m 
parallel .0 a pmos transistor, which are controlled by the /Up signs, and the Up s,gna. 
20 respectively. 

Rg 6 by way of example, illustrates switch 202, which includes an nmos transistor 
202a continued by an Up signa. and a par*, coupled pmos transistor 202b controlled by a 
/Up signa.. When the Up signal is high and, thus, me /Up signa, is low, swatch 202 is 
conducting. 

25 it should be understood that, if desired, all switches discussed herem may be 

nansmission.ga.ed switches, similar .0 that shown in Fig. 6. Of course, if desired, other type, 
of switching devices, such as an n channe. or p channe. transistors, may be used. The switches 
may be referred ,0 herein interchange* as nansiators and switches. In the present d.sclosure, 
for fire sake of simplicity, each switch, herein will be i.Iustiated as an n channel ttansistor that 
is continued by tire signa., i.e., Up, /Up, Dn, or /Dn, that renders tire switch conducung. Thus, 
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switch 202 is shown in Fig. 5 as an n channe. transistor heing conholled by the Up stgna. and 
switch 204 is shown as an n channel transistor being controlled by the /Up stgnal. 

The charge pnmp 200 also inclndes differential switches 206 and 208, which are 
controlled by the differentia, inpn. voltages Dn and /Dn, respectively. Switches 202 and 206 
, are coupledinseriesberweencnrren«so«rces210and212asareswi.ehes204and208. Inone 

embodiment, the cnrren, source in charge pump 200 includes variable current sources 214 and 
216 are coupled in parallel with static current sources 210 and 212. 

A second set 221 of differential switches 222 and 224 have gates coupled to recetve the 
differentia, input voltages Dn and /Dn, respectively, and differential switches 226 and 228 
0 having gates coupled receive the differential input voltages Up and /Up, respectively. Swrtches 
222 and 226 are coupled in series between current sources 230 and 232 as are switches 224 and 
228. Variable current sources 234 and 236 may be coupled in parallel with current sources 230 
and 232. 

The common mode feedback circuit 106 is illustrated as two trans-conductance 
,5 amplifiers 240 and 242. The output terminal of the firs, set 201 of differential transistors, 
between trustors 202 and 206, is coupled to loop filter 104, which provides control voltage 
Vop to the plus terminal of trans-conductance amplifier 240 and the negative terminal of trans- 
conductance amplifier 242. Similarly, the output terminal of the second set 221 of differentta. 
transistors, between transistors 222 and 226, is also coupled to a loop filter 104, which provides 
20 control voltage Von to the negative terminal of trans-conductance amplifier 240 and the 
positive terminal of trans-conductance amplifier 242. Loop filters 104 are illustrated as RC 
loop filters, but other loop filters may be used if desired. 

Trans-conductance ampUfiers 240 and 242 provide feedback signals to the vanable 
current source, 214, 234 and 216, 236. The trans-conductance amplifiers 240 and 242 recetve 
25 a reference voltage, Vr, which is, e.g., Vdd/2, so that toe common mode vo.tage stays near the 
middle of the power supply range. By maintaining the common mode voltage near toe mtddle 
of toe power supply range, the PLL will have sufficient range to adequately adjust the 
differential voltage supplies. 

Charge pump 200 also includes transient reducing circuits 250 and 270, which reduce 
30 transients caused by the charge transfer while the charge pump is switched. 
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Circuit 250 includes two series coupled switches 252 and 254, which, as descnhed 
above may he transmission-gated switches, hut are illustrated herein as n channe. trustors 
Switches 252 and 254 have gates coupled to receive the respective /Dn and /Up voltage stgnals 
from the PFD 102 in Fig. 4. Node 260 between switches 252 and 254 is coupled to a node 
between switches 204 and 208. Variable current sources 262 and 264 are coupled m parallel 
with respective current sources 256 and 258 and are controlled by the trans-conductance 

amplifiers 240 and 242, respectively. 

Transient reducing circuit 270 is similar to circuit 250 with two series coupled switches 
272 and 274 disposed between current sources 276 and 278 and variable current sources 282 
and 284 Switches 272 and 274 have gates coupled to receive the respective /Up and /Dn 
voltage signals. A node 280 between switches 272 and 274 is coupled to a node 225 between 
switches 224 and 228. Variable current sources 282 and 284 are also controlled by the trans- 
conductance amplifiers 240 and 242, respectively. 

The operation of the transient reducing circuit 250 is described below in Table 1 and the 
current paths through the transient reducing circuit 250 are illustrated in Fig. 7. It should be 

understood that the Von^circ^ 

Differential I Transient Reducing 

Switches 




Table 



In one mode, the switches 202 and 206 are both on, i.e., conducting, and thus, switches 
204 and 208 are both off, i.e., non-conducting as are the switches 252 and 254. Thus, the 
0 current is conducted from current sources 210, 214 to the current sources 212, 216 and no 
current is conducted through the transient reducing circuit 250. The current from sources 210, 
214 is equal to the current sunk by current sources 212, 216, i.e., 1210+1214 = 1212 +1216, 
when the common mode feedback loop is completed. 
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pull up current is conduced fiom curren. sources 210, 214 through acttve swrtch 202 to 
increase control voltage Vop. 

to another mode, the switches 202 and 206 are off and on, respeeuve.y, and ft. 
swit ches 204 and 208 are on and off, respectively and switches 252 and 254 are off and «, 

ILo„iw it che S 204 a nd254t„curre,sonrces25Sand2 M . Thus, the node N, wd he 

is decreased hy pu.l down current being conducted from filter 104 through swrtch 206 

current sources 212, 216. 

to a fina, mode, both switches 202 and 206 are off, and thus swatches 204 20 ,25 , »d 
25 4 are a„ on Thus, toe current through the transient reducing circuit 250 is conducted a ong 
path P3 fiom current sources 256, 262 through switches 252 and 254 to current sources 258 
264 . Tfie current is also conducted from current sources 210, 2.4 to the current sources 2.2, 
216 through switches 204 and 208. 

.hechargefransferwhen.hecunen.chargepump.s switched. WhennodesN. andN2a.no. 

toe Up and Dn curren. source. By suppressing toe mismatch between Up and Dn cunen. 
sources the output jitter of the PLL 100 is advantageously reduced. 

as shown in Fig. 3, toe area necessary to imp.emen. the device is si^ificantiy reduced. 
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Further, .he imp— ion is great* simplified rhrough fire operation of .he circuits 250 and 
270. 

The sialic current sources 210, 212, 230, 232, 256, 258, 276 and 278 provide 
approximately tivo thirds of the current, while the variable current sources 214, 216, 234 236, 
262, 264, 282, and 284 provide approximately one third of the current. The use of vartable 
current sources advantageously increases sensitivity of the circuit. 

Although the present invention is illustrated in connection with specific embodtments 
for instructional purposes, the present invention is no. limited thereto. Various adaptations and 
modifications may be made without departing from the scope of the invention. Wore, me 
spirit and scope of the appended claims should not be limited to the foregoing descrtptton. 
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